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Monday, March 7, 2011 331a(~19-52 mol%). We found that, at 24oC, the initial rate of CA4P release varies
with cholesterol content in an alternating manner, showing a local maximum at
20.0, 22.2, 25.0, 32.8, 40.0 and 50.0 mol%. These cholesterol mole fractions are
in excellent agreement with the theoretically predicted cholesterol critical mole
fractions (Cr) for maximal superlattice formation. Similar results were obtained
at 37oC. The faster release of CA4P at Cr can be explained in terms of the sterol
superlattice model. At any given cholesterol mole fraction, sterol superlattice
regions always coexist with non-superlattice regions. At Cr, the interfacial
areas between superlattice and non-superlattice domains reach a local maxi-
mum (Venegas et al. (2007) J. Phys. Chem. B., 111, 5180-5192). Since the in-
terfacial areas have more void space and volume fluctuations, CA4P can leak
out more easily at Cr. These results may help to optimize the liposomal
CA4P formulation to achieve higher efficacy for cancer treatment.
1794-Pos Board B704
Effect of Amide-Linked Acyl Chain Length on the Sphingomyelin-
Cholesterol Interactions
Shishir Jaikishan, Christian Ija¨s, Thomas K.M. Nyholm, J. Peter Slotte.
Sphingolipids are important component of eukaryotic membrane and are crucial
for several physical as well as biological processes in cells. Sphingolipids play
key role in the lateral domain formations which further assists in cell signalling
and various significant cellular phenomena. Even though sphingolipids display
an extensive diversity in their structures both in the head group and hydrophobic
region, sphingosine (D-erythro-2-amino-trans-4-octadecene-1, 3-diol) is the
prevalent backbone inmostmammalian sphingolipids, including sphingomyelin
(SM). The aim of this study was to examine how variation in the chain length in
SM affect their bilayer properties as well as their interactions with cholesterol.
We have synthesized SM analogs with different amide- linked acyl chains
(14:0, 15:0, 16:0, 17:0, 18:0, 19:0, 20:0, 22:0 and 24:0). Themain transition tem-
perature and the degree of acyl chain order in pure SM bilayers was determined
from the steady-state anisotropy of diphenylhexatriene. Ordered domain forma-
tion and sterol interaction with SM analogs was determined from the quenching
susceptibility of dihenylhexatriene and cholestatrienol. Sterol affinity to fluid bi-
layer membranes containing saturated SM analogs was determined using a cho-
lestatrienol equilibrium partitioning assay.We found that all SManalogs formed
ordered domains ina fluid bilayer. Sterol was always included in these ordered
domains, albeit to a varying degree. The thermostability of the ordered domains
was remarkably similar, even though the SM acyl chaing length varied (16-24
carbons). Only 14:0 and 15:0 SM formed less thermostable ordered domains.
We hope our results will enable us to better understand the behavior of asymmet-
ric SM molecules in complex membranes, and to predict how they influence
properties of biological membranes.
1795-Pos Board B705
Combined Fluorescence and Brewster Angle Microscopy of Dmpc/D-Cho-
lesterol Mixed Langmuir Films
Fanindra Bhatta, Pritam Mandal, Edgar E. Kooijman, David W. Allender,
J. Adin Mann, Jr., Andrew J. Bernoff, Elizabeth K. Mann.
The phase diagrams of DMPC/Cholesterol mixed Langmuir films have long
been studied as an example of the critical mixing/demixing transition, with pos-
sible applications to membrane domains (rafts) in the much more complex bio-
membrane system. However, most of these studies have been performed with
fluorescence microscopy, requiring the addition of a fluorescent probe, which
can in principle affect the phase diagram. Here we combine Brewster angle
and fluorescence microscopy on the same trough which allows us to verify if
identical domain patterns are seen by the two techniques. Comparing Brewster
angle results with and without fluorescent probe provides insight into the role of
the probe on domain morphology and the surface pressure dependence of do-
main formation. We also compare the line tensions of the domains measured
with and without the fluorescent probe and draw conclusions on the potential
problems encountered when using fluorescent probes.
1796-Pos Board B706
Lipid Lateral Diffusion and Hydrocarbon Chain Order
Olivier Soubias, Walter E. Teague, Klaus Gawrisch.
Recent advances in molecular simulations have stimulated new discussions on
themolecularmechanisms of lateral diffusionof lipids influid bilayers. To enable
a deeper comparisonbetween theory and experiments,we conducted a systematic
study of lateral diffusion rates for a series of phosphatidylcholines with 14, 16, 18
and 20 hydrocarbons per chain over the temperature range from 10 to 600C. Bi-
layers of the pure lipids aswell as binarymixtureswith 30mol% cholesterolwere
investigated. Diffusion coefficients weremeasured by 1HMASNMRwith appli-
cation of pulsed magnetic field gradients. All lipids had saturated, perdeuterated
sn-1 chains that enabled measurement of chain order parameters by 2H NMR.
From the average chain order parameters effective hydrophobic thicknesses of
bilayers and lateral areas per lipid molecule were calculated. This enableda quantitative comparison of experimentally determined and calculated lateral
diffusion rates as a function of chain length, cholesterol content and temperature
using a free-volume model of lateral diffusion. The implications of this compar-
ison for models of lateral lipid diffusion will be discussed.
1797-Pos Board B707
Interactions Between Carboxyl Terminated Nanoparticles and Phase
Separated Lipid Monolayers
Benjamin L. Stottrup, Ravi Tavakley, Sylvio May, Matthew P. Goertz,
Howard L. Brockman.
Line tension between coexisting liquid phases in phospholipid/cholesterol
model membranes is an extremely rich area of study because of its application
to the raft hypothesis. Monolayers present an ideal system to study fundamental
interactions in lipid raft forming compositions. We have previously described
a method to extract line tension using Fourier analysis of domain boundaries.
Here we present observations of the influence of 20 nanometer carboxyl termi-
nated polystyrene nanoparticles on the line tension in raft forming monolayers.
Combining the novel experimental approach developed by Brockman and col-
leagues [Anal. Chem. (2006) 78:1657-64] with fluorescence microscopy we are
able to observe a phase separated lipid monolayer with varying sub-phase con-
centrations of nanoparticles. Fluorescently tagged nanoparticles reveal their co-
localization at the interface between two monolayer phases. A theoretical
model will also be presented to describe this behavior.
1798-Pos Board B708
In Vitro Coralling of a Transmembrane Protein in a Double Cushioned
Lipid Bilayer Assembly
Kumud R. Poudel, David J. Keller, James A. Brozik.
In this talk, the characteristic motion associated with a large transmembrane
protein (5HT3A*) in a Double Cushion biomimetic assembly, is an assembly
that is passivated with a Bovine Serum Albumin layer along with PEG(poly-
ethylene glycol) as the cushion will be presented. These results will be com-
pared to receptors in both planar POPC assemblies and Single cushion assem-
blies. The main conclusion of this work is that while FRAP recoveries (percent
bulk mobility) of these large membrane receptors are quite low in these sys-
tems, Single Particle Tracking (SPT) has revealed reasonably large mobile frac-
tions when viewed at much higher spatial resolution and slower time scales.
This is especially true for receptors in the ‘Double cushion’ assemblies. These
assemblies display very low FRAP recoveries, but SPT clearly reveal that
nearly all receptors are actually quite mobile but are spatially confined to
very small corrals. The high mobility of receptors in these corralling domains
demonstrates that the strong attractive interactions between the transmembrane
protein and solid support have been virtually eliminated and therefore it is rea-
sonable to believe that these receptors will remain active.
1799-Pos Board B709
Divalent Cations Reduce the pH Sensitivity of OmpFChannel Inducing the
PKA Shift of Key Acidic Residues
Marı´a Queralt-Martı´n, Elena Garcı´a-Gime´nez, Salvador Mafe´,
Antonio Alcaraz.
In contrast to the highly-selective channels of neurophysiology employing
mostly the exclusion mechanism, different factors account for the selectivity
of large channels. Elucidation of these factors is essential for understanding
the permeation mechanisms in ion channels and their regulation in vivo. The
interaction between divalent cations and a protein channel, the bacterial porin
OmpF, has been investigated paying attention to the channel selectivity and its
dependence with the solution pH. Unlike the experiments performed in salts of
monovalent cations, the channel is now practically insensitive to the pH, being
anion selective all over the pH range considered. Electrostatic calculations
based on the available structural data suggest that the binding of divalent cat-
ions has two main effects: i) the pKa values of key ionizable groups differ sig-
nificantly from those of the isolated groups in solution and ii) the cation binding
has a decisive impact on the effective electric charge regulating the channel se-
lectivity. A simple molecular model based on statistical thermodynamics pro-
vides additional qualitative explanations to the experimental findings that could
also be useful for other related systems like synthetic nanopores, ion exchange
membranes, and polylectrolyte multilayers.
1800-Pos Board B710
Structure and Compositional Heterogeneity of Model Skin Lipid
Membranes: Site-Directed FRET Approach
Eugene Pashkovski, Nwanyinma Nnodum.
The coexistence of ordered domains found in reconstituted skin lipid mem-
branes using Laurdan GP imaging (I. Plasencia et al., Biophys. J. (2007) 93,
3142) suggests that the membranes are laterally heterogeneous on the micro-
scopic length scale. The coexistence of the domains having different water
332a Monday, March 7, 2011dynamics may be important for understanding the diffusion water transport in
the top layer of skin, stratum corneum. Here, we investigate the heterogeneity
of model skin membranes on the nanoscale using site-directed FRET approach.
Using Bodipy donors and acceptors (Bodipy-FL and Bodipy-TR, respectively)
covalently attached to ceramide, cholesterol, and fatty acid, it is possible to in-
vestigate the compositional heterogeneity of model skin lipid membranes using
FRET efficiency measurements for various combinations of donors and accep-
tors. Using this approach, it is possible to estimate the co-localization of differ-
ent lipid species on the length scale less than ~ 10 nm (~2 Fo¨rster radii for
Bodipy probes). Measurements of FRET efficiency as a function of acceptor-
to donor molar ratio show strong co-localization between ceramides, fatty
acids, and cholesterol. We show that the position of Bodipy group in choles-
terol fluorescence analogs affects the partitioning of the probe within lipid bi-
layers. We also show that site-directed FRET can be used for characterizing
interactions between the biomembranes and detergents.
1801-Pos Board B711
Raft Recruitment Processes and Oligomerization State of Integrins Stud-
ied in Polymer-Tethered Single and Double Bilayer Systems
Amanda P. Siegel, Ann Kimble-Hill, Rainer Jordan, Christoph A. Naumann.
Specific lipid environments are increasingly recognized as a crucial factor af-
fecting membrane protein function in plasma membranes. Unfortunately, this
topic has remained elusive, due to the challenging characterization of small
and transient plasma membrane heterogeneities. To overcome this impasse,
we present an experimental model membrane platform based on polymer-sup-
ported single and double bilayers containing stable raft-mimicking domains
into which transmembrane proteins are incorporated (avb3 and a5b1 integ-
rins). This flexible platform lets us probe the effect of native ligands in do-
main-specific protein sequestration and protein oligomerization state. Here
we show significant ligand-induced changes in integrin sequestering. Remark-
ably, preliminary results indicate that integrins do not change their oligomeri-
zation state on the addition of ligands in lipid environments with varying
concentrations of cholesterol. These results strongly suggest that ligands induce
changes to integrin conformation and/or dynamics without inducing changes in
integrin oligomerization state, and in fact these ligand-induced conformational
changes impact protein-lipid interactions.
1802-Pos Board B712
A biosynthetic Membrane-Anchor/Protein System Based on a Genetically
Encoded "Aldehyde Tag"
ChaoJie Zhen, Ian P. McCabe, David Rabuka, Rebecca A. Bader, Martin
B. Forstner.
The covalent binding of an aldehyde side-chain containing protein to a lipid
with an aminooxy -modified head group opens a versatile avenue to bio-func-
tionalize lipid membranes without compromising function and dynamic prop-
erties of both the protein and the lipid membrane. It was recently found that the
site-specific insertion of a 6 amino acid consensus sequence into a protein is
sufficient to target it for post-translational modification by formylglycine-gen-
erating enzyme (FGE). FGE will enzymatically turn the cysteine in the consen-
sus motif into a formylglycine, thus leading to the site-specific introduction of
an aldehyde side chain for further chemical modification. We have engineered
the consensus sequence to the C-terminus of an Enhanced Green Fluorescence
Protein (EGFP) which was co-expressed with FGE in E. Coli. Lipids were
chemically modified to bear a reactive aminooxy group and then conjugated
with the aldehyde tagged EGFP. The resulting EGFP-lipid constructs were suc-
cessfully incorporated into solid supported lipid bilayer as verified by fluores-
cence microscopy. Membrane integrity as well as protein and lipid motilities
were investigated using both fluorescence recovery after photo-bleaching and
fluorescence correlation spectroscopy. In order to determine integration effi-
ciency, the surface concentration of EGFP-lipid constructs was monitored as
a function of their solution concentration and incubation time. This site specific
lipidation strategy promises to allow for the use of a variety of possible lipid
anchors as well as to provide unprecedented freedom in the choice of the lip-
idation site on the protein.
1803-Pos Board B713
Incorporation of Membrane Proteins and Electrodes into a Suspended
Lipid Bilayer Platform
Laura D. Hughes, Steven G. Boxer.
Membrane proteins are notoriously difficult to study. While supported lipid bi-
layers offer stability and allow the application of surface measurement tech-
niques, integral membrane proteins are often not fully functional when close
to a solid surface. We have developed a membrane interferometer which allows
free standing membranes suspended above an atomically flat silicon surface to
be studied by fluorescence interference measurements (Prasad V. Ganesan and
Steven G. Boxer, PNAS, 2009,106, 5627-5632). In this platform, a lipid bilayeris suspended across a micron-sized well, allowing the use of Variable Incidence
Angle Fluorescence Interference Contrast Microscopy (VIA-FLIC; Caroline
Ajo-Franklin, Prasad V. Ganesan, and Steven G. Boxer, Biophys. J., 2005,
89, 2759-2769). The interferometry measurements in VIA-FLIC can be used
to determine the height of fluorescent dyes relative to the mirror with an axial
resolution of a few nanometers. Moreover, by incorporating electrodes on both
sides of the suspended bilayer, we wish to perform concurrent conductance and
optical measurements that will allow us to study the function and conformation
of single membrane proteins at the same time. Progress towards incorporating
ion channels into the interferometer and making electrophysiology measure-
ments will be reported.
1804-Pos Board B714
The Residence Time and Processivity Study of the Ras/Sos Interaction
Hsiung-Lin Tu, Lars Iversen, Wan-Chen Lin, Jeffrey Iwig, Jodi Gureasko,
John Kuriyan, Jay Groves.
Ras is a membrane-bound small GTPase protein that plays a central role in the
signal transduction pathways that control cell proliferation, differentiation, and
apoptosis. Its deregulation is a hallmark of many cancers and developmental
defects. Son of Sevenless (SOS) is a guanine nucleotide exchange factor
(GEF) enzyme that activates Ras by catalyzing the conversion of Ras from
the GDP- to the GTP-bound state.
SOS has two binding sites for Ras, a catalytic site and an allosteric site, which
can both be occupied simultaneously by membrane-bound Ras. Previous stud-
ies have shown that binding to the allosteric site by Ras-GTP will localize SOS
to the membrane and therefore stimulate the nucleotide exchange activity of the
catalytic site (positive-feedback), raising the question of whether SOS is proc-
essive, capable of remaining surface bound while catalyzing the nucleotide ex-
change of multiple Ras. In this study we employ fluorescence microscopy on
Ras functionalized supported lipid bilayers to demonstrate that the catalytic
core of SOS (SOScat) is processive. In the absence of GTP, SOScat remains
surface bound via Ras in a non-processive state for ~hours. Addition of GTP
triggers processive turnover of multiple Ras by surface bound SOScat. Using
single molecule TIRF microscopy, the result indicates that most of the initial
surface bound SOScat rapidly desorbs when GTP is added, and that most of
the Ras turnover is catalyzed by a small but processive fraction of the initial
SOScat population.
1805-Pos Board B715
Elucidation of Carbohydrate-Phospholipid Interactions - a Quantum
Chemical Study
Ramakrishnan Parthasarathi, Jianhui Tian, S. Gnanakaran.
Many pathogen induced potential causative immune responses are determined
by the interaction of a virulence factor containing carbohydrates with host
membranes. Here, we seek a basic understanding of the nature of interactions
between carbohydrate and lipid to dissect their role in molecular recognition. A
hybrid quantummechanics/quantum mechanics (QM/QM) scheme is described
here, to explore the structural basis and energetics of carbohydrate-phospho-
lipid interactions. This method is used to study two different phospholipids
(POPC & DOPC) and mannose interactions using density functional theory
(DFT). Carbohydrate-lipid interactions are probed with respect to competing
interactions to water. The results clearly reveal the intrinsic nature of interac-
tions between the carbohydrate and phospholipids system. The significance
of the OH$$$O, CH$$$O and CH$$$p interactions in the stabilization of the in-
termolecular complexes can be observed from the results. The calculated aver-
age interaction energies for the various carbohydrate-water-lipid complexes
show both mannose and water preferably interact with POPC over DOPC.
The interplay between conventional and nonconventional hydrogen bonding
and non-polar interactions is crucial in the recognition and further stabilization
of carbohydrate-phospholipids complexes. This first hybrid QM/QM method
on carbohydrate-lipid interaction demonstrates that mannose interactions
with phospholipids could result in alterations in charge distributions and con-
formations. Finally, we have compared these QM energies with Molecular Me-
chanics (MM) based energies for the same interactions to aid in the refinement
of the all-atom lipid-carbohydrate force field.
1806-Pos Board B716
Understanding the Phase Changes of Coarse-Grained Model Bilayers
Through Computational Calorimetry
Jocelyn M. Rodgers, Jesper Sorensen, Frederick J.-M. de Meyer,
Birgit Schiott, Berend Smit.
In this study, we assess the thermodynamic behavior of a variety of coarse-
grained lipid bilayer models across the temperature range which experimentally
produces the gel phase, the ripple phase, and the liquid crystalline phase. Com-
putational model systems including both lipids and water are often validated by
